The dynamics of the current sheet of a Plasma Focus device is simulated with a two-dimensional model, in the radial expansion and the axial acceleration phase. The simulation considers the free expansion of the current sheet in hydrogen gas, without cathodes, and the comparison of experimental data with cathodes and without cathodes, using the parameters of Sumaj Lauray Plasma Focus 720 J.
I. INTRODUCTION
The plasma focus (PF) is a type of plasma generation system originally developed as a fusion power device from the early 1960s. The original concept was developed by NV Filippov [1] , who noticed the effect while working in the first pinch machines in the USSR and by Mather [2] in the US. The basic design derives from the z-pinch concept, both the PF and the pinch use large electrical currents that pass through a gas to make it ionize in a plasma and then pinch themselves to increase the density and temperature of the plasma. Most devices use two concentric cylinders and form the pinch at the end of the central cylinder and as PF can also be found only with the internal cylinder as in the work of J. González [3] . The PF device is a known source of high temperature transient dense plasmas of n ∼ 10 19 cm −3 and T ∼ 1keV which in 1980 conducted an extensive study of other phenomena generated by the PF, such as ion emissions and electrons, the emission of hard and soft x-rays, using gases such as hydrogen, argon, nitrogen, among other gases, making it useful for several applications in many different fields, such as lithography, radiography, images, activation analysis, radioisotope production , etc. Being a source of dense hot plasma, intense energy rays, etc., the PF device also shows tremendous potential for applications in plasma nanoscience and plasma nanotechnology [4] [5] . A PF device is a type of pinch discharge, where a high voltage pulse is applied between the coaxial cylindrical electrodes at low pressure. This generates a current sheet (CS) accelerated by Lorentz's force, beginning to rise between the electrodes. When the plasma reaches the upper end of the internal electrode (anode), the movement continues towards the center focusing the plasma in a small region forming a column of high density and temperature (pinch phase). At this point the plasma column collapses releasing beams of ions, electrons, hard and soft x-rays, or neutrons when Deuterium or Tritium is used as the discharge gas. These devices use a switch called spark-gap, which consists of two conductive electrodes separated by a space normally filled with gas that allows the circuit to close by means of a current arc activated by a high voltage pulse generated by an auxiliary circuit called trigger which discharges the energy from the capacitor bank to the vacuum chamber [6] . The characterization of the discharge can be done with photo scintillator multicolors, which through the photoelectric effect and a process of multiplication by secondary emission is able to capture the x-rays and neutrons emitted by the plasma, another type of detector is the collector probes of charge like the faraday cups, which are capable of detecting the charged particles generated in the plasma and a mass spectrometer can also be used. The mass spectrometer is a device that is used to separate by means of electric and / or magnetic fields, ions that have a different charge-to-mass ratio within a sample in order to identify them. The description of the movement of the plasma comes from the decade of the 70s [7] [8], one of the most used models to describe the dynamics and compression of the plasma in a discharge of the PF device is the snow-plow one-dimensional model of Sing Lee [9] [10] . This type of model does not describe the temporal part of each process as the breakdown, lift-off and axial phase. However, two-dimensional models can be found that do not imply greater additional complexity, which incorporate the length of the insulator and allow obtaining information more adjusted to the experimental reality in small plasma focus devices. To study the times involved and the dynamics of CS in the early phases of the PF discharge, we have developed a two-dimensional model similar to that developed by González. We have implemented it in FORTRAN code, to simulate the operating conditions of the SUMAJ LAURAY PF device (E = 720 J), available at the University of Antofagasta.
II. MODEL DESCRIPTION AND EXPERIMENTAL SET-UP
This model considers a plasma cylinder with cylindrical geometry that expands freely, without an external electrode (cathodes). We assume that the CS has an infinitely thin thickness and infinite conductivity, the cylinder is composed of the lateral cylindrical surface and an upper ring disc.
In the phase of radial expansion and radial-axial acceleration, the expansion of the CS is proposed, which is attached to the insulator (after the breakdown phase) and is driven by the Lorentz force (JxB) causing the radial expansion of the cylindrical surface and axial movement outward of the annular disc. In the radial direction, it sweeps the gas with an efficiency f m r and in the axial direction with an efficiency f m z . The terms f m r and f m z are the mass fraction swept in the radial and axial direction due to the displacement of the cylindrical surface and the annular disk respectively. formed by the plasma current sheet and the electrodes is represented as a time-dependent inductance Lp (t). We assume that only a fraction of the total current (I) flows through the CS (f c · I), due to the leakage of current in another region of the discharge. Then, the current factor f c is the term that determines the fraction of current flowing through the CS.
The processes that generate the leakage current, (1-f c )·I, are represented by the resistance RL.
III. MODEL EQUATIONS
The movement equations are obtained for the axial direction and for the radial direction of the plasma cylinder, two acceleration equations of the CS are obtained, in addition two equations are obtained for the variation of the axial (M z ) and radial mass (M r ) with respect to time. The equation describing the plasma focus circuit is taken as an LC circuit with an additional voltage that delivers the effect of the simulation of the Spark-Gap plus the electrical breakdown of the plasma. Using the magnetic vacuum permeability (µ 0 ), the density of the gas (ρ) and the radius of the anode (a), we can write the following equations:
where,
and, the Spark-Gap voltage is obtained of Bruzzone model [11] . The initial conditions assume a thin plasma sleeve on the insulator, that begin in rest. With the volume of this plasma sleeve and the gas density, we obtain the initial mass of M r and M z . The initial current and its derivative are zero. The initial conditions of the variables for higher derivatives can be obtained from the proposed equations. The model presented consists of the following phases; the Spark-Gap, breakdown and lift-off phase, radial expansion and the axial phase, developing the simulation in fortran language. The results obtained are governed by the studied geometry, a straight cylindrical geometry of the plasma is established which is an idealization of the plasma movement.
The initial occupied voltage is 20 kV, the voltage associated with the potential drop differs from the pressure of the filling gas, when there is more pressure in the vacuum chamber the electrical breakdown can begin before 20 kV, for the reason of that the increase in 
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The radial position of the CS according to the proposed model, as shown in Figure 4 , tells us that the CS expands radially to values greater than 35 mm in radius of the plasma focus device, which indicates that for the cathode model, the plasma that passes between the cathodes could expand to these limits or simply the radial movement can be restricted by the cathodes without affecting the speed it carries. The figure shows the radii reached until the fourth period when dI/dt = 0 for the different pressures from 1 to 5 Torr. The speed of the CS is important for the study of the production of ions, see figure 5 ,
where it is shown that for 1 Torr the speed reached close to 12 cm/µs at the time of ∼ 850 ns, this indicates that there are less amount of mass dragged in the axial position. In Figure   6 , it is observed that the speeds in the radial position of the system is lower than the speeds of the axial position, this is affected by the amount of mass that is dragged during the CS process. Figure 7 shows the plasma inductance generated during the CS processes. The initial plasma inductance is 2.1 nH, this initial inductance is independent of pressure, since it only depends on the cylinder geometry of the generated plasma. The curves of the temporal derivative of the current in Figure 8 , are observed the simulation and experimental data for the 3 Torr pressure, which is adjusted by the current and mass drag factors. Figure 9 shows the amount of axial mass in units of micrograms, for the pressure of 1
Torr as shown in the graph it reaches a value of 3 µg and for the pressure of 5 Torr a value of 24 µg is reached. In Figure 10 , it is observed that in the radial position a greater amount of mass is obtained in the order of tens and hundreds of micrograms. This checks the values found in the radial and axial speeds in the figures shown above. 
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The current factor is obtained from the experimental data semi-empirically, see figure 11 , using the average of the 10 shots taken for each length of the cannon at each pressure. The trend of the current factor gives us the necessary information to understand that during the ionization process of the Hydrogen gas for each pressure is different, while the pressure increases the current factor tends to unity and this clearly affects the factor of axial and radial mass drag. The data used for comparison between experimental data with cathodes (CC) and without cathodes (SC), with simulation data, only the pressure range of 1 to 5
Torr is used. The axial mass drag factor is obtained after obtaining the current factor, since the current factor is obtained experimentally and among the axial and radial mass drag factors the one that infers the most in the equations is the axial drag factor. This factor is obtained from the simulation settings, compared to the least squares adjustment of the experimental data, see figure 12 .
VI. CONCLUDING REMARKS
We have implemented a two-dimensional model to simulate the dynamics of the current 
